09) 



3 



Europdisches Patentarrrt 
European Patent Office 
Office europeen des brevets 



EP0 707 013 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 1 58(3) EPC 



(43) Date of publication: 

17.04.1996 Bulletin 1996/16 

(21 ) Application number: 9491 9841 .0 

(22) Date of filing: 01 .07.1 994 



(51) mt.Ci. 6 : C08F4/80, C08F 12/08 

(86) International application number: PCT/JP94/01078 

(87) International publication number: 

WO 95/01378 (12.01.1995 Gazette 1995/03) 



(84) Designated Contracting States: 


• SHOUZAKI, Hajime 


DE FR GB IT NL 


Ichihara-shi, Chlba-ken 299-01 (JP) 




- TOMOTSU, Norio 


(30) Priority: 02.07.1993 JP 164529/93 


Ichihara-shi, Chiba-ken 299-01 (JP) 


(71) Applicant: IDEMITSU KOSAN COMPANY LIMITED 


(74) Representative: Turk, Gille, Hrabal, Lelfert 


Tokyo 1 00 (JP) 


Brucknerstrasse 20 




D-40593 Dilsseldorf (DE) 


(72) Inventors: 


• TAKEUCHI, Mizutomo 




Ichihara-shi, Chiba-ken 299-01 (JP) 





(54) CATALYST FOR PRODUCING STYRENE POLYMER AND PROCESS FOR PRODUCING 
STYRENE POLYMER USING THE SAME 

(57) The present invention relates to a catalyst for 
producing a styrenic polymer which comprises a transi- 
tion metal compound having a rc-ligand, an indenyl group 
bearing at least one substituent group on the side of its 
five-member ed ring: to a catalyst for producing a styrenic 
polymer which comprises (A) the above transition metal 
compound, (B) an aluminoxane and/or an ionic com- 
pound comprising a noncoordinate anion and a cation, 
and (C) a Lewis acid to be used as the case may be; and 
to a process for producing a strenic polymer which com- 
prises polymerizing a styrenic monomer or polymerizing 
a styrenic monomer along with an olefin or the like in the 
presence of the foregoing catalyst. 

By the use of the highly active catalyst of the present 
invention, it is made possible to efficiently produce a sty- 
renic polymer having a high degree of syndiotactic con- 
figuration. 
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TECHNICAL FIELD 

s The present invention relates to a novel catalyst for producing a styrenic polymer and a process for producing a 

styrenic polymer by using the same. More particularly, it pertains to a highly active catalyst for producing a styrenic 
polymer which contains a transition metal compound having a specific substituted indenyl group as a ligand and a 
process for efficiently producing a styrenic polymer having a high degree of syndiotactic configuration in its aromatic 
vinyl chain of the polymer. 

10 

BACKGROUND ART 

Heretofore, styrenic polymers produced by the radical polymerization method or the like have an atactic configuration 
in stereostructure and are molded to various shapes by various molding methods such as injection molding, extrusion 
is molding, blow molding, vacuum molding and cast molding, and they have been widely used as domestic electrical appli- 
ances, office machines, household goods, packaging containers, toys, furnitures, synthetic papers, and other industrial 
materials. 

However, such styrenic polymers having atactic configuration have disadvantage that it is inferior in heat resistance 
and chemical resistance. 

20 As opposed to the above, a styrene polymer having a syndiotactic configuration has a melting point higher than that 
of the conventional atactic polystyrene, and is expected to be used as a heat-resistant resin in various fields. 

The present inventors have previously succeeded in developing such styrenic polymers having a syndiotactic con- 
figuration and disclosed a process for producing the same (see Japanese Patent Application Laid-Open Nos. 
104818/1987, 187708/1987, 179906/1988, 241009/1988. 294705/1989 etc.). 

25 Among the above-mentioned techniques, Japanese Patent Application Laid-Open No. 294705/1989 discloses a 
process for producing a styrenic polymer having a syndiotactic configuration by the use of a catalyst which comprises 
in combination a transition metal compound having an unsubstituted indenyl group as a n-ligand and an aluminoxane. 
However, the catalyst which comprises a transition metal compound having an unsubstituted indenyl group has not 
necessarily been sufficiently satisfactory with regard to its activity. 

30 It view of the above, it is an object of the present invention to provide a novel and highly active catalyst for efficiently 
producing a styrene polymer having a high degree of syndiotactic configuration in its aromatic vinyl chain of the polymer, 
and at the same time, a process for producing a styrenic polymer by the use of said catalyst. 

DISCLOSURE OF THE INVENTION 

35 

As a result of intensive research and investigation accumulated by the present inventors in order to attain the above- 
mentioned object, it has been found that a catalyst containing a transition metal compound having as a n- ligand, an 
indenyl group bearing at least one substituent group on the side of its f ive-membered ring, especially a catalyst com- 
prising the above-mentioned transition metal compound and an aluminoxane and/or a specific ionic compound, or a 

40 catalyst comprising the above-mentioned transition metal compound and an aluminoxane and/or a specific ionic com- 
pound and a Lewis acid possesses a high activity and can efficiently produce an objetive styrenic polymer having a high 
degree of syndiotactic configuration in its aromatic vinyl chain of the polymer. The present invention has been accom- 
plished by the foregoing finding and information. 

Specifically, the present invention provides a catalyst for producing a styrenic polymer which comprises a transition 

45 metal compound having as a rc-ligand, an indenyl group bearing at least one substituent group on the side of its five- 
membered ring and a catalyst for producing a styrenic polymer which comprises (A) the aforesaid transition metal com- 
pound, (B) an aluminoxane and/or an ionic compound comprising a noncoordinate anion and a cation, and a (C) Lewis 
acid to be used as the case may be. 

The present invention also provides a process for producing a styrenic polymer which comprises polymerizing an 

so (a) styrenic monomer or an (a) styrenic monomer along with (b) at least one compound selected from olefins, diolef ins 
and alkynes in the presence of the above-mentioned catalyst for producing a styrenic polymer. 

THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE INVENTION 

55 The catalyst of the present invention for producing a styrenic polymer comprises a transition metal compound having 
as a n-ligand, an indenyl group bearing at least one substituent group on the side of its f ive-membered ring. A variety 
of such transition metals are available and exemplified by the compound represented by the general formula (l-a). 

RM'Xi a Li b (l-a) 
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more specifically, the compound represented by the general formula (l-b); 



5 



10 




the compound represented by the general formula (II); 




(II) 



and the compound represented by the general formula (III), etc. 



40 



45 




(III) 



In the general formula (l-a), R stands for, as a n-ligand. an indenyl group bearing at least one substituent group 
so on the side of its five-membered ring. In the general formula (l-a) and (l-b), M is a transition metal and examplified by 
titanium, zirconium, hafnium, lanthanoids, niobium and tantalum, among which titanium is particularly preferable; X is 
a a ligand and is examplified by a hydrogen atom, a hydrocarbon group having 1 to 20 carbon atoms, an aromatic 
hydrocarbon group having 6 to 20 carbon atoms, an alkoxyl group having 1 to 20 carbon atoms, an aryloxyl group having 
6 to 20 carbon atoms, a thioalkoxyl group having 1 to 20 carbon atoms, a thioaryloxyl group having 6 to 20 carbon atoms, 
ss an amino group, an amide group, a carboxyl group, an alkylsilyl group, and a halogen atom, and a plurality of X 1 may 
be the same or different and bonded to each other through an arbitrary group; U is a Lewis base; ( a+b+1 ) is the valency 
of M; and b is 0. 1 . 2 or 3. 

In the general formula (l-b). R 1 and R 2 are each a hydrogen atom, a hydrocarbon group having 1 to 20 carbon atoms, 
especially an alkyl group having 1 to 20 carbon atoms, an aromatic hydrocarbon group having 6 to 20 carbon atoms. 
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an alkoxyl group having 1 to 20 carbon atoms, an aryloxyl group having 6 to 20 carbon atoms, a thioalkoxyl group having 
1 to 20 carbon atoms, a thioaryloxyl group having 6 to 20 carbon atoms, an amino group, an amide group, a carboxyl 
group, an alkytsilyl group, an indenyl group substituted with a halogen atom or the like with the proviso that at least one 
of R 1 is a group other than hydrogen atom; a plurality of R 1 may be the same or different; and a plurality of R 2 may be 
5 the same or different. 

Specific examples of the R include 1 -methyl indenyl group; 2-methylindenyl group; 1 -trimethylsilylindenyl group; 2- 
tert-butylindenyl group; 1 ,2-di methyl indenyl group; 1 ,3-dimethylindenyl group; 1 ,2,3-trimethylindenyl group; 1,2,3,4,7- 
pentamethylindenyl group; 1 ,4,5,6, 7-pentamethyl indenyl group; 1.3,4, 5.6, 7-hexamethyl indenyl group; 1, 3,4,5,6, 7-hex- 
amethyl indenyl group; 1,2.3,4,5,6,7-heptamethylindenyl group; 1,2,3-trimethyl-4,7-dimethoxyindenyl group; and 1.2,3- 

10 trimethyl-4.7<lif luoroindenyl group. Specific examples of X, include hydrogen atom, chlorine atom, bromine atom, iodine 
atom, methyl group, benzyl group, phenyl group, trim ethyl si lylmethyl group; methoxy group, ethoxy group, phenoxy group, 
thtomethoxy group, thiophenoxy group, dimethylamino group, and diisopropylamino group. 

As the transition metal compound represented by the foregoing general formula (l-a) or (l-b). there are preferably 
usable the transition metal compounds containing R and X 1 optionally selected from among those as exemplified above. 

is In the general formula (II), R 3 is the same as R 1 as defined above with the proviso that at least one of R 3 is a group 
other than hydrogen atom, and a plurality of R 3 may be the same or different; R 4 is the same as R 2 as defined above, 
and a plurality of R 4 may be the same or different; M 2 , X 2 , l_ 2 c and b are each the same as M 1 , X 1 , L 1 , a and b, 
respectively; a plurality of X 2 may be the same or different and bonded to each other through an arbitrary group; Q 1 is 
a hydrocarbon group having 1 to 6 carbon atoms, an aromatic hydrocarbon group having 6 to 20 carbon group, a sitylene 

20 group having 1 to 5 silicon atoms, a germylene group having 1 to 5 germanium group; and J 1 is an amide group, a 
phosphide group, oxygen atom, sulfur atom, an alkylidene group, or the like. 

Further in the general formula (III), R 5 is the same as R 1 as defined above with the proviso that at least one of R5 
is a group other than hydrogen atom, and a plurality of R 5 may be the same or different; R 6 is the same as R 2 and a 
plurality of R 6 may be the same or different; M 3 , X 3 , L 3 e, f, Q 2 and J 2 are each the same as M 1 , X 1 . D, a, b, Q 1 and J 1 , 

25 respectively; and a plurality of X 3 may be the same or different and bonded to each other through an arbitrary group. 

As the transition metal compound represented by the above-mentioned general formula (II) or (III), mention is made 
of, for example, (tert-butyramide)(2.3-dimethylindenyl)-1,2-ethanediylt(tanium dichloride; (tert-butyramide)(2,3-dimeth- 
ylindenyl)-1 ,2-ethanediyldimethyltitanium; (tert-butyramide)(2,3-dimethylindenyl)-dimethylsilyltitanium dichloride; (tert- 
butyramide) (2, 3 -dim ethyl indenyl) -dimethylsilyldimethyltitanium; (tert-butyramide)(1.3-dimethylindenyl)-dimethylsilyltita- 

30 nium dichloride; (tert-butyramide)(1 ,3-dimethylindenyl) -dimethylsilyldimethyltitanium; (tert-butyramide)(2.3,4,5.6,7-hex- 
amethylindenylj-dimethylsilyltitanium dichloride; (tert-butyramide)(2,3,4,5,6,7-hexamethylindenyl)dimethylsilyldimeth- 
yltitanium; (tert-butyramide)(1 ,3,4,5,6,7-hexamethylindenyl)-dimethylsilyltitanium dichloride; (tert-butyramide)(1 ,- 
3, 4.5,6. 7-hexamethylindenyl) -dimethylsilyldimethyltitanium; (2,3-dimethylindenyl)-1-ethane-2-oxatitanium dichloride; 
(2,3-dimethylindenyl)-1-ethane-2-oxadimethyltitanium; (phenylamide)(2,3-dimethylindenyl)-1,2-ethanediylzirconium 

35 dichloride; (tert-butyramide)(2,3-dimethylindenyl)-l ,2-ethanediyl-dimethylztrconium; (tert-butyramide)(2,3-dimethylin- 
denyl) -dimethyl si lylzirconium dichloride; (tert-butyramkJe)(2,3-dimethylindenyl)-dimethytsilyldimethylzirconium; (tert- 
butyramide)(1 ,3-dimethy1indenyl)-dimethylsiiylzirconium dichloride; (tert-butyramide)(1 .3 -dimethyl indenyl)-di methylsi- 
lyldimethylzirconium; (tert-butyramide)(2.3.4,5,6,7-hexamethylindenyl)-dimethylsilylzirconium dichloride; (tert-butyra- 
mide)(2.3,4,5,6,7-hexamethyindenyl)dimethylsilyldimethylzirconium; (tert-butyramide)(l,3,4,5,6,7-hexamithylindenyl)- 

40 dimethylsi lylzirconium dichloride; (tert-butyramide)(1 ,3,4,5,6, 7-hexamethylindenyl)-dimethyIsily1dimethylzirconium; 
(2, 3-d i methyl indeny I) -1 -ethane-2-oxazirconium dichloride; (2,3-dimethylindenyl)-1-ethane-2-oxadimethyl-zirconiumand 
the like. 

The catalyst according to the present invention may contain one or not less than two kinds of the above-mentioned 
transition metal compounds. 

45 The catalyst according to the present invention comprises a transition metal compound having as a n-ltgand, an 
indenyl group bearing at least one substituent group on the side of its f ive-membered ring, and it is particularly preferable 
that the catalyst comprises (A) the above-mentioned transition metal compound and (B) an aluminoxane and/or an ionic 
compound comprising a noncoordinate anion and a cation, or that the catalyst comprises (A) the above-mentioned 
transition metal compound. (B) an aluminoxane and/or an ionic compound comprising a noncoordinate anion and a 

so cation and (C) a Lewis acid. 
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Thealuminoxane as the aforesaid component (B) is obtained by bringing an organoaluminum compound into contact 
with a condensation agent and is exemplified by chain aluminoxane represented by the general formula (IV) 



5 



10 




(IV) 



15 

wherein R 7 is an alkyl group having 1 to 20 carbon atoms and p is a number of 0 to 50, preferably 5 to 30; and cyclic 
aluminoxane represented by the general formula (V) 



b7 q 



Wherein R 7 is as previously defined; and q is a number of 2 to 50, preferably 5 to 30. 

Examples of the organoalumiunum compound to be used as a starting material for the aluminoxane include a tri- 
alkylaluminum such as trimethylaluminum. triethylaluminum, triisobutylaluminum and a mixture thereof. Examples of the 
condensation agent is water as a typical one and optionally a material capable of undergoing a condensation reaction 
30 with the trialkylaluminum which material is exemplified by water adsorbed in an inorganic matter and diol. 

Examples of the ionic compound comprising a noncoordinate anion and a cation as the component (B) include a 
compound represented by the general formula (VII) or (VIII) 

([l_4-H]9 + ) h ([M4Yi Y2 — Y^tn-mJ-Jj (VI) 

35 

(0- 5 J 9+ )h([M5YiY2 — Y n ]< n - m >-)i (VII) 

wherein L 5 is M^, R8R9M 7 or R 1 O3C as hereinafter described; L 4 is a Lewis base; M 4 and M 5 are each an element selected 
from Groups 5 to 15 of the Periodic Table and exemplified by B. AJ. P. As and Sb; M 6 is an element selected from Groups 

40 8 to 1 2 of the Periodic Table and exampltfied by Ag and Cu; M 7 is an element selected from Groups 8 to 10 of the Periodic 
Table and exemplified by Fe, Co and Ni; Yi to Y n are each a hydrogen atom, dialkylamino group, alkoxy group, aryloxy 
group, alkyl group having 1 to 20 carbon atoms, aryl group having 6 to 20 carbon atoms, arylalkyl group, alkylaryt group, 
substituted alkyl group, organometalloid group or halogen atom and exemplified by dimethylamino group, diethylamino 
group, methoxy group, ethoxy group, butoxy group, phenoxy group, 2,6-dimethylphenoxy group, methyl group, ethyl 

45 group, propyl group, butyl group, octyl group, phenyl group, tolyl group, xylyl group mesityl group, benzyl group, pen- 
tafluorophenyl group, 3,5-di(trifluoromethytphenyl)group, 4-tert-butylphenyl group, F, CI. Br. I. perrtamethylantimony 
group, trimethylsilyl group, trimethylgermyl group and diphenylboron group; R8 and R9 are each a cycloperrtadienyl 
group, substituted cycloperrtadienyl group, indenyl group, substituted indenyi group or fluorenyl group and exemplified 
by methyl cyclopentadieny I group and pentamethylcyclopentadienyl group; R 10 is an alkyl group, aryl group or a substi- 

50 tuted aryl group, may be the same or different and exemplified by a phenyl gorup. 4-methoxyphenyl group and 4-meth- 
ylphenyl group; m is the valency of each of M 4 and M 5 . indicating an integer from 1 to 7; n is an integer from 2 to 8; g is 
the ion valency of each of [L 4 -H] and [l_5], indicating an integer from 1 to 7; h is an integer of 1 or greater and 
i=(h x g)/(n-m) . 

Examples of the noncoordinte anion in the aforestated ionic compound include (tetraphenyl)borate; tetra(f luoroph- 
55 enyl)borate; tetrakis(difluorophenyl)borate; tetrakis(trrfluorophenyl)borate; tetrakis(tetrafluoropheny1)borate; tet- 
rakis(pentafluorophenyl)borate; tetrakis(trifluoromethylphenyl)borate; tetra(tolyl)borate; tetra(xylyl) borate; 
(triphenylpentafluorophenyl)borate; [t ris(pen taf I uoropheny I) phenyl] borate and tridecahydride-7,8-dicarbaundecaborate. 
Examples of the cation in the above-mentioned ionic compound include tri ethyl ammonium; tributyl ammonium; N.N'- 
dimethylanilinium; N.N'-diethylanilinium; triphenylphosphinium; dimethylphenylphosphinium; 1.1'-dimethytferrocene; 
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decamethylferrocene; silver (I); triphenyt carbenium; tritolylcarbenium; trimethoxyphenylcarbenium; (di(tolyl)phe- 
nyl]carbenium; [di(methoxyphenyl)phenyl]carbenium and [methoxyphenyl-di(phenyl)]carbenium. 

The above-mentioned ionic compound can preferably be used by optionally selecting the noncoordinate anion and 
cation from among the above- exemplified examples and combining the selected ones. 

5 In the catalyst of the present invention, the aluminoxane as the component (B) may be used alone or in combination 

with at least one other, the ionic compound also as the component (B) may be used alone or in combination with at least 
one other, and further at least one such aluminoxane may be used in combination with at least one such ionic compound. 

Examples of the Lewis acid as the component (C) to be used when desired in the catalyst of the present invention 
include an organoaluminum compound, an organoboron compound, a magnesium compound, a zinc compound and a 

10 lithium compound. Examples of the usable organoaluminum compound include the compound represented by the gen- 
eral formula (VIII) 

RH r AI(ORi2) a |-LZiu (VIII) 

is wherein R11 and R 12 are each an alkyl group having 1 to 8 carbon atoms and may be the same or different ; Z 1 is a 
halogen atom; and r, s, t and u are numbers each satisfying the relations 0<rs3. 0<ss3, 0st<3, 0su<3 and r+s+t+u=3 . 

In the organoaluminum compound represented by the general formula (VIII), the compound wherein t=u=0 and 
r=3 is exemplified by trimethylaluminum. triethylaluminum, triisopropylaluminum, triisobutyl aluminum and trioctylalumi- 
num. Example of the compound corresponding to the case where t=u=0 and 1.5sr<3, includediethylaluminumethoxide, 

20 dibutylaluminum butoxide, diethylaluminum sesquiethoxide and dibutylaluminum sesquibutoxide; as well as partially 
alkoxylated alkylaluminum. Examples of the compound corresponding to the case where s=t=0 include diethylaluminum 
dichloride and dibutylaluminum dichloride (r=2). ethylaluminum sesquichloride and butylaluminum sesquichloride 
(r=1.5); and ethylaluminum dichloride and butylaluminum dichloride (r=l). Examples of the compound corresponding to 
the case where s=u=o include diethylaluminum hydride and diisobutylaluminum hydride (r=2); and ethylaluminum dihy- 

2S dride and butylaluminum dihydride (r=1). 

Examples of the organoboron compounds usable as the component (C) include the compound represented by the 
general formula (IX) 

R13 3 B1_6 V (IX) 

30 

wherein R13 is a hydrocarbon group having 1 to 20 carbon atoms, an aromatic hydrocarbon group having 6 to 20 carbon 
atoms, a substituted aromatic hydrocarbon group, hydrogen atom or a halogen atom, may be the same or different and 
specifically exemplified by a phenyl group, tolyl group, f luorophenyl group, trif luoromethylphenyl group, pentaf luorophenyl 
group, fluorine atom, chlorine atom, bromine atom and iodine atom; l_e is a Lewis base and exemplified by an ether 
35 compound such as diethyl ether and tetrahydrof uran and an amine compound such as pyridine; and v is an integer from 
zero (0) to 3. 

Examples of the above-mentioned magnesium compound include a Grignard compound such as methylmagnesium 
bromide, ethylmagensium bromide, phenylmagnesium bromide and benzylmagnesium bromide, an organomagnesium 
compound such as diethoxy magnesium and ethylbutyl magnesium and an inorganic magnesium compound such as 

40 magnesium chloride. In addition, mention may be made of a zinc compound exemplified by an organozinc compound 
such as diethylzinc and of a lithium compound exemplified by an organolithium compound such as methyl lithium. 

In the catalyst according to the present invention, the aforestated Lewis acid as the component (C) may be used 
alone or in combination with at least one other. 

The catalyst according to the present invention, which comprises the components (A) and (B) or the components 

45 (A), (B) and (C), may be incorporated further with an other catalyst component. The blending ratio of each of the com- 
ponents varies depending upon various conditions and thus can not be determined unequivocally, but the molar raio of 
the component (A) to the component (B) is usually selected in the range of preferably 1 : 1 to 1 : 10000. more preferably 
1 : 1 to 1 : 1000 in the case of the component (B) being an aluminoxane, and it is usually selected in the range of preferably 
0.1 : 1 to 1 : 0. 1 in the case of the component (B) being an ionic compound. The molar ratio of the component (A) to the 

so component (C) when used, is selected in the range of preferably 1 : 0.1 to 1 : 1000. 

As a method for contact-mixing the components (A) and (B) and the component (C) to be used when desired, 
mention may be made of (3) a method in which the component (C) is added to the contact mixture between the com- 
ponents (A) and (B) to form a catalyst, which is brought into contact with a monomer component to be polymerized; Q> 
a method in which the component (A) is added to the contact mixture between the components (B) and (C) to form a 

55 catalyst, which is brought into contact with a monomer component to be polymerized; (3) a method in which the com- 
ponent (B) is added to the contact mixture between the components (A) and (C) to form a catalyst, which is brought into 
contact with a monomer component to be polymerized; ® a method in which the components (A), (B) and (C) are each 
separately brought into contact with a monomer component to be polymerized; and © a method in which the catalyst 
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prepared in the above-mentioned ®, © or (g) is brought into contact with the contact mixture between the monomer 
component to be polymerized and the component (C). 

The contact mixing among the components (A) and (B) and the component (C) to be used as desired can be carried 
out at a temperature in the range of -20 to 200°C, needless to say, at a polymerization temperature. 

5 In the process according to the present invention, a styrenic polymer is produced by polymerizing, in the presence 

of the above-described catalyst, an (a) styrenic monomer alone or an (a) styrenic monomer along with (b) at least one 
compound selected from olefins, diolefins and alkynes. 

Examples of the styrenic monomer as the aforesaid monomer component (a) include styrene, alkytstyrenes such 
as p-methylstyrene; m-methylstyrene; o-methytstyrene; 2,4-dimethylstyrene; 2,5-dimethylstyrene; 3.4-dimethylstyrene; 

10 3.5-dimethylstyrene; and p-tertiary-butylstyrene; halogenated styrenes such as p-chlorostyrene; m-chlorostyrene; o- 
chlorostyrene; p-bromostyrene; m-bromostyrene; o-bromostyrene; p-fluorostyrene; m-fluorostyrene; o-fluorostyrene 
and o-methyl-p-fluorostyrene; organosiliconated styrenes. vinyibenzoic acid esters and diviny (benzene. Any of the 
above-mentioned styrenic monomer may be used alone or in combination with at least one other. 

On the other hand, examples of the olefins as the aforesaid monomer component (b) include a-olefins such as 

w ethylene; propylene; butene-1 ; pentene-1 ; hexene-1 ; heptene-1 ; octene-1 ; nonene-1 ; decene-1 ; 4-phenylbutene-1 ; 6- 
phenylhexene-1 ; 3-methylbutene-1; 4-methylpentene-1 ; 3-methylpentene-1; 3 -methyl hexene-1 ; 4-methylhexene-1 ; 5- 
methylhexene-1 ; 3,3-dimethylpentene-l ; 3,4-dimethylpentene-l ;4,4-dimethylpentene-1 ; vinylcyclohexane; and vinylcy- 
clohexene, halogen-substituted a-olefins such as hexaf luoropropene; tetrafluoroethylene; 2-f luoropropene; f luoroethyl- 
ene; 1,1-difluoroethylene; 3-f luoropropene; trifluoroethylene; and 3,4-dichlorobutene-1. cyclic olefins such as 

20 cyclopentene; cyclohexene; norbornene; 5-metylnorbornen; 5-ethylnorbornene; 5-propylnorbornene; 5,6-dimethylnor- 
bornene; 1 -methyl norbornene; 7-methylnorbornene; 5.5. 6-tri methyl norbornene; 5-phenylnorbornene; 5-benzylnor- 
bonene; and 5-vinylnorbornene. Examples of the diolefins include straight chain diolefins such as butadiene; isoprene; 
and 1 ,6-hexadiene, and cyclic diolefins such as norbornadiene; 5-ethylidenenorbornene; and dicyclopentadiene. Exam- 
ple of the alkynes include acetylene, methyl acetyl ene, phenylacetylene and trimethylsilylacetylene. The above-men- 

25 tioned monomer may be polymerized alone or in combination with at least one other monomer. 

The polymerization method may be bulk polymerization method without specific limitation. The polymerization may 
be carried out in an aliphatic hydrocarbon solvent such as pentane. hexane and heptane, an ali cyclic hydrocarbon solvent 
such as cyclohexane or an aromatic hydrocarbon solvent such as benzene, toluene, xylene and ethylbenzene. The 
polymerization temperature is not specifically limited but is usually 0 to 200°C. preferably 20 to 100°C. In the case where 

30 a gaseous monomer is employed, the partial pressure of the gaseous monomer is usually 300 kg/crri* or lower, preferably 
30 kg/cm2 or lower. 

The styrenic polymer obtained in such a way has a high degree of syndiotactic configuration in its aromatic vinyl 
chain when it is contained in the polymer. In this case, a high degree of syndiotactic configuration in the aromatic vinyl 
chain of the styrenic polymer or styrenic compolymer signifies that its stereochemical structure is of high degree of 

35 syndiotactic configuration, i.e.. the stereostructure in which phenyl groups or substituted phenyl groups as side chains 
are located alternately at opposite directions relative to the main chain consisting of carbon-carbon bonds. Tacticity is 
quantitatively determined by the nuclear magnetic resonance method (13C-NMR method) using carbon isotope. The 
tacticity as determined by the 13 C-NMR method can be indicated in terms of proportions of structural units continuously 
connected to each other, i.e., a diad in which two structural units are connected to each other, a triad in which three 

40 structural units are connected to each other and a pentad in which five structural units are connected to each other. 
"The styrenic polymers having such a high degree of syndiotactic configuration" as mentioned in the present invention 
usually means polystyrene, polyfsubstjtuled styrene). polyvinyl benzoate), the mixture thereof, and copolymers con- 
taining the above polymers as main components, having such a syndiotactictty that the proportion of racemic diad is at 
least 75%, preferably at least 85%, or the proportion of racemic pentad is at least 30%. preferably at least 50%. Examples 

45 of the poly(substituted styrene) include poly(hydrocarbon group-substituted styrene)such as poly(methylstyrene), 
poly(ethylstyrene). poly(isopropylstyrene), poly(phenylstyrene) and poly(vinylstyrene); poly(halogenated styrene) such 
as poly(ch!orostyrene), poly(bromostyrene), and poly(fluorostyrene); and poly(alkoxystyrene) such as poly(methoxysty- 
rene) and poly(ethoxystyrene). 

In the following, the present invention will be described in more detail with reference to examples, which however 

so shall not be construed to limit the invention thereto. 

The reaction in each of the synthesis examples was carried out in an atmosphere of dry nitrogen or in a stream of 
nitrogen unless otherwise noted. 

55 



7 



EP0 707 013 A1 



Synthesis Example 1 

Synthesis of 1,2,3, 4,5.6, 7-heptamethylindenyltianium trichloride (Compound A) — 

s (1) Synthesis of 2,3,4,5,6,7-hexamethylindane-1 -one — 

Aluminum trichloride in an amount of 58. 7g (440 mmol) was suspended in 300 mL (milliliter) of dried carbon disulfide 
(dried and distilled on calcium hydride) and was brought to an ice-cooling temperature. Then, 47.4g (400 mmol) of tigloyl 
chloride was mixed with 53. 7g (400 mmol) of tetramethytbenzene. and the resultant mixture was added dropwise to the 

10 above-produced carbon disulfide solution, followed by continuous stirring at room temperature. As the result, a brown 
to reddish brown solution was produced. After 2 hours of stirring, the solution was allowed to react for another 2 hours 
under refluxing with the result that the solution turned orange in color. 

The resultant reaction mixture was brought back to room temperature and thereafter, was poured onto the mixture 
of 500g of water and 500 mL of concentrated hydrochloric acid, f of lowed by stirring for about one hour. Then, the resultant 

is product was subjected to extraction and separation twice with 400 mL each of ether, further with 200 mL each of ether 
twice. The ether phases thus produced were combined together, and dried with calcium chloride anhydride as the drying 
agent. After filtering away the used drying agent, the ether was distilled away and the brown viscous solid thus obtained 
was dissolved in hexane to recrystallize the solid therefrom. The procedure of allowing the solution saturated at room 
temperature to stand at -20°C and collecting the precipitate by means of filtration was repeated to afford 75. 9g of 

20 2,3,4,5,6,7-hexamethylindane-l-one as a reddish yellow solid. 

(2) Synthesis of 1. 2,3,4.5,6. 7-heptamethylindene — 

2,3,4,5,6,7-Hexamethylindane-1-one in an amount of 37.3g (172 mmol) was dissolved in 200 mL of dehydrated 

25 ether (distilled on metallic sodium), and to the resultant solution was added dropwise 120 mL of a 1 .4 M solution of 
methyllithium in eher under ice-cooling. After one hour from the addition, the solution turned from reddish brown to 
reddish yellow and further to clear yellow, was brought back to room temperature and was allowed to react for one hour 
and for additional 2 hours, under heating refluxing to complete the reaction. The reaction product was quenched under 
ice-cooling with 20 mL of water and then with 150 mL of 1 N aqueous solution of ammonium chloride to separate the 

30 organic phase. The separated organic phase was subjected to extraction and separation twice repeatedly with 100 mL 
each of ether, and the organic phases thus produced were combined together, washed with saturated aqueous solution 
of sodium chloride and was dried with magnesium sulfate anhydride as the drying agent. After the used drying agent 
was filtered away, the ether solution was subjected to dehydration reaction by incorporating with small pieces of iodine 
in an atmosphere of nitrogen for replacing, allowed to stand overnight in an atmosphere of nitrogen, and was subjected 

35 to heating refluxing for 3 hours to complete the reaction. The reaction product thus obtained was washed twice with 1 50 
mL each of 0.2 N aqueous solution of sodium hydrosulf ite and twice with 1 50 mL each of saturated aqueous solution 
of sodium chloride, and dried with magnesium sulfate anhydride as the drying agent. 

Subsequently, by filtering away the used drying agent and distilling away the ether, there was produced brown crude 
1,2, 3, 4,5, 6, 7-heptamethylindene, which was dissolved again in 300 mL of hexane and dried with magnesium sulfate 

40 anhydride as the drying agent to afford a yellow solution. Then, by filtering away the used drying agent and distilling 
away the hexane, there was produced an orange-colored oil, which was adsorbed onto 100g of silica-gel column and 
eluted with hexane to afford 24.3g (113 mmol) of objective 1 .2, 3. 4, 5,6, 7-heptamethylindene in the form of yellow solid 
in a yield rate of 65.7%. 

45 (3) Synthesis of 1,2,3.4,5,6,7-heptamethylindenyltrimethytsilane — 

1 ,2,3,4,5,6,7-Heptamethylindene in an amount of 24.3g (113 mmol) was dissolved in 150 mL of dried hexane, to 
the resultant solution was added 1 mL of hexamethyl phosphoamide (HMPA), and to the mixture thus formed was added 
dropwise, under ice-cooling, 80 mL of a 1 .7 M solution of tert-butyllithium in perrtane. After 2 hours from the addition. 

so 1 ,2,3,4,5,6,7-heptamethylindenyllithium thus produced was settled, subjected to decantation for separating the solution 
and washed three times with 100 mL each of hexane to afford yellowish white solid. The solid thus obtained was dissolved 
in 150 mL of dehydrated tetrahydrofuran (THF) to form a red solution, which was incorporated under ice-cooling with 
13.0g (120 mmol, 15.2 mL) of trimethylchlorosilane (TMSCI) that had been subjected to simple distillation, was brought 
back to room temperature and was allowed to stand overnight. 

55 The yellow solution thus obtained was incorporated with 20 mL of water for quenching and THF was removed under 
reduced pressure. Then, the solution was extracted and separated with 500 mL of hexane. the organic phase thus 
obtained was dried with magnesium sulfate anhydride as the drying agent, the used drying agent was filtered away, and 
the volatile components were distilled away under reduced pressure. As the result, there was produced 1,2,3.4.5,6.7- 
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heptamethylindenyltrimethylsilane in the form of yellowish white solid in a yield of 19. 5g (62.2 mmol) and in a yield rate 
Of 55%. 

The product was analyzed by 1 H-NMR by the use of trimethylsilane as the standard and heavy chloroform (CDCI 3 ) 
as the solvent with the results as follows: 

1 H-NMR : 2.60ppm (3H, s), 2.40ppm (3H, s), 2.33ppm (3H. s), 2.31ppm (3H. s). 2.28ppm (3H, s), 1.99ppm (3H, 
s), 1 64ppm (3H, s), -0.09ppm (9H, s) 

(4) Synthesis of 1,2,3,4,5,6.7-heptamethylindenyltitanium trichloride — 

Titanium tetrachloride in an amount of 15.2g (80 mmol, 8.8 mL) was dissolved in 100 mL of dehydrated toluene, 
and to the resultant solution was added dropwise. at room temperature, a solution of 19.52g of 1.2,3,4,5,6,7-heptame- 
thylindenyltrimethylsilane in 150 mL of toluene over a period of 3 hours. After one hour of heating refluxing of the mixed 
solution thus obtained, there was produced a toluene -soluble portion at 80° C, which then was extracted twice with 100 
mL each of toluene. By filtering off the toluene-insoluble portion, there was obtained a green toluene solution, and the 
volatile components of which were distilled away at 40° C under reduced pressure to afford dark green solid. Thereafter, 
the solid was incorporated with 20 mL of toluene and then with 200 mL of hexane. and the insoluble portion was collected 
by filtration as the objective product in a yield of 9.43g (26 mmol) and in a yield rate of 39%. The product was slightly 
soluble in boiling hexane. readily soluble in toluene, and was analyzed by NMR with the results as follows: 
1 H-NMR (tetramethylsilane as the standard and heavy chloroform (CDCI 3 ) as the solvent); 

2.90ppm (6H, s), 2.68ppm (6H, s), 2.46ppm (3H, s), 2.38ppm (6H, s), 49Ti-NMR (titanium tetrachloride as the 
standard and CDCI3 as the solvent); 19.55ppm. 
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The schematic synthesis process for compound A is illustrated as follows: 
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Synthesis Example 2 

Synthesis of 1. 2,3. 4,5,6, 7-heptamethylindenylmethyltttaniumtrimethoxkle (compound B) — 

1 ,48g (4 mmol) of 1 ,2.3,4,5,6,7-heptamethylindenyltitanium trichloride which had been synthesized in Synthesis 
Example 1 was dissolved in 20 mL of dehydrated toluene in an atmosphere of nitrogen, and to the resultant solution 
were added, under ice-cooling, 0.64g (20 mmol, 0.8 mL) of dehydrated methanol and then 2.03g (20 mmol, 2.8 mL) of 
dehydrated triethylamine. After 30 minutes from the addition, the mixture was brought back to room temperature and 
stirred overnight. Subsequently, the volatile components in the mixture were distilled away at room temperature under 
reduced pressure, the nonvolatile portion was extracted by adding thereto 80 mL of dried hexane, and the hexane- 
insoluble portion was removed with a glass filter. By distilling away the remaining hexane from the resultant yellow filtrate 
under reduced pressure, there was obtained the title compound in the form of red solid in a yield of 1 ,30g (4 mmol) and 
in a yield rate of 100%. 

The product was analyzed by 1 H-NMR by the use of tetramethylsilane as the standard and CDC la as the solvent 
with the results as follows: 1 H-NMR; 2.45ppm (6H, s), 2.46ppm (6H, s), 2.20ppm (6H. s). 2.04ppm (3H, s), 0.614ppm 
(6H. s). 
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Synthesis Example 3 

Synthesis of 1 ,2,4,5,6,7-hexamethylindenyttitanium trichloride (Compound C) --- 

5 (1) Synthesis of 1 ,2,4,5,6,7-Hexamethyfindene 

Lithium aluminum hydride (LAH) in an amount of 3.09g (81 mmol) was suspended in dried ether (distilled on metallic 
sodium). 38.7g (180 mmol) of 2,3.4.5,6,7-hexamethyIindane-l -one which had been synthesized in Synthesis Example 
1 was dissolved in 200 mL of dried ether, and the resultant ether solution was added dropwise to the above-prepared 

10 suspention of LAH at a rate causing mild reflux. The dropwise addition was completed over a period of 1.5 hour, and 
thereafter stirring was continued for 2.5 hours under heating ref luxing. The reaction product was quenched under ice- 
cooling with 20 mL of water and then with 200 mL of 1 N aqueous solution of ammonium chloride to separate the organic 
phase. The separated organic phase was subjected to extraction and separation twice repeatedly with 100 mL each of 
ether, and the organic phases thus produced were combined together, washed with saturated aqueous solution of sodium 

is chloride and was dried with magnesium sulfate anhydride as the drying agent. After the used drying agent was filtered 
away, the ether solution was subjected to dehydration reaction by incorporating with small pieces of iodine in an atmos- 
phere of nitrogen for replacing, allowed to stand overnight in an atmosphere of nitrogen, and was subjected to heating 
ref luxing for 3 hours to complete the reaction. The reaction product thus obtained was washed twice with 150 mL each 
of 0.2 N aqueous solution of sodium hydrosulfite and twice with 150 mL each of saturated aqueous solution of sodium 

20 chloride, and dried with magnesium sulfate anhydride as the drying agent. 

Subsequently, by filtering away the used drying agent and distilling away the ether, there was produced yellow crude 
1 ,2,4,5,6, 7-hexamethylindene. which was dissolved again in 300 mLof hexane and dried with magnesium sulfate anhy- 
dride as the drying agent to afford a yellow solution. Then, by filtering away the used drying agent and distilling away 
the hexane, there was produced a yellow solid, the solution of which in hexane, was adsorbed onto 20g of silica-gel. 

25 The resultant slurry in hexane was developed in 80g of silica-gel column and eluted with hexane to afford 28. 8g (144 
mmol) of objective 1 ,2. 4,5,6, 7-hexamethylindene in the form of yellowish white solid in a yield rate of 80.4%. 

(2) Synthesis of 1 ,2,4,5.6.7-hexamethylindenyltrimethylsilane — 

30 1.2,4.5.6.7-Hexamethylindene in an amount of I4.4g (72 mmol) was dissolved in 150 mL of dried hexane, to the 
resultant solution was added 0.5 mL of hexamethyl phosphoamide (HMPA), and to the mixture thus formed was added 
dropwise 47 mL of a 1 .7 M solution of tert-butyllithium in pentane. After 2 hours from the addition, 1 ,2,4,5,6,7-hexame- 
thylindenyl lithium thus produced was settled, subjected to decantation for separating the solution and washed three 
times with 100 mL each of hexane to afford yellowish white solid. The solid thus obtained was dissolved in 100 mL of 

35 dehydrated tetrahydrofuran (THF) to form a red solution, which was incorporated under ice-coding with 8.7g (80 mmol, 
10.2 mL) of tri methyl chlorosilane (TMSCI) that had been subjected to simple distillation, was brought back to room 
temperature and was allowed to stand overnight. 

The yellow solution thus obtained was incorporated with 20 mL of water for quenching and THF was removed under 
reduced pressure. Then the solution was extracted and separated with 500 mL of hexane, the organic phase thus 

40 obtained was dried with magnesium sulfate as the drying agent, the used drying agent was filtered away, and the volatile 
components were distilled away under reduced pressure. As the result, there was produced 1 ,2,4,5, 6,7-hexamethylin- 
denyltrimethylsilane in the form of yellow solid in a yield of 18.0g (60.4 mmol) and in a yield rate of 84%. 

(3) Synthesis of 1, 2.4.5,6, 7-hexamethylindenyltitanium trichloride — 

45 

Titanium tetrachloride in an amount of 1 5.2g (80 mmol, 8.8 mL) was dissolved in 100 mL of deyd rated toluene, and 
to the resultant solution was added dropwise. at room temperature, a solution of 18.02g of 1,2,4,5,6.7-hexamethylinde- 
nyltrimethylsilane in 1 50 mL of toluene over a period of 3 hours. After one hour of heating ref luxing of the mixed solution 
thus obtained, there was produced a toluene-soluble portion at 80°C. which then was extracted twice with 100 mL each 

so of toluene. By filtering off the toluene-insoluble portion, there was obtained a green toluene solution, and the volatile 
components of which were distilled away at 40°C under reduced pressure to afford dark green solid. Thereafter, the 
solid was incorporated with 20 mL of toluene and then with 200 mL of hexane, and the insoluble portion was collected 
by filtration. The insoluble portion was subjected to Soxhlet extraction by using boiling hexane to recover the title complex 
at 88% recovery rate from the extract solution in a yield of 21 07g (60 mmol) and in a yield rate of 75%. The product 

55 was readily soluble in toluene, and was analyzed by NMR with the results as follows: 

1 H-NMR(tetramethylsilane as the standard and heavy chloroform (CDCI 3 ) as the solvent); 6.89ppm (3H, s). 2.86ppm 
(3H. s). 2.68ppm (3H, s). 2.53ppm (3H, s), 2.47ppm (3H. s), 2.37ppm (3H. s). 2.35ppm (3H, s). «Ti-NMR(titanium 
tetrachloride as the standard and CDCI 3 as the solvent): -75.54ppm. 



11 



EP0 707 013 A1 

The schematic synthesis process for compound C is illustrated as follows; 
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Synthesis Example 4 

Synthesis of 1,2,4,5,6.7-hexamethylindenyltrimethyltitanium (Compound D) — 

1 .2.4,5,6,7-HexamethylirKJenyltitanium trichloride in an amount of 0.88g (2.5 mmol) which had been synthesized in 
Synthesis Example 3 was dissolved in 50 ml_ of dehydrated THF in an atmosphere of nitrogen. The resultant solution 
was incorporated at -78°C with 9.0 mL of 1 .0 M solution of methy (magnesium bromide in THF, and after the elapse of 
1 5 minutes was gradually brought back to room temperature, with the result that the solution turned to yellowish brown 
gradually. After the elapse of 15 minutes, the volatile components in the solution were distilled away under reduced 
pressure to leave only the bone-dried matter, which was extracted with a total quantity of 250 mL of dried hexane. The 
hexane- in soluble portion was filtered off, and the volatile components in the filtrate solution were distilled away to afford 
a brown oil in a yield of 0.62g (2. 1 mmol) and in a yield rate of 85%. The oil was allowed to stand overnight in a refrigerator 
with the result that the oil turned to a brown solid. 

The resultant solid was analyzed by 1 H-NMR by the use of tetra methyls i lane as the standard and CDCI3 as the 
solvent with the results as follows: 

1H-NMR; 6.23ppm (1H, s), 2.52ppm (3H. s), 2.47ppm (3H. s). 2.26ppm (3H, s), 2.21ppm (3H. s), 2.20ppm (3H. s). 
2.14ppm (3H, s). 0.65ppm (9H. s). 
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Synthesis Example 5 

Synthesis of 1,2,3,-trimethyIincfenyltrtanium trichloride (Compound E) — 

s (1 ) Synthesis of 2,3,-dimethylindane-1 -one --- 

Aluminum trichloride in an amount of 30.7g (250 mmol) was suspended in 150 mL of dried carbon disulfide (dried 
and distilled on calcium hydride) and was brought to an ice-cooling temperature. Then. 25.1 g (212 mmol) of tigloyl 
chloride was mixed with 16.6g (212 mmol) of benzene, and to the resultant mixture was added dropwise the above- 

io produced carbon disulfide solution, followed by corttinuious stirring at room temperature. As the result, a yellow solution 
was gradually produced. The solution was allowed to stand overnight, with the result that the solution was separated 
into two phases including a brown phase and a colorless phase. The solution was allowed to react for another 5 hours 
under ref luxing. The resultant reaction mixture was brought back to room temperature and thereafter, was poured onto 
the mixture of 250g of water and 250 mL of concentrated hydrochloric acid, followed by stirring for about one hour. Then. 

is the resultant product was subjected to extraction and separation four times repeatedly with 200 mL each of ether. The 
ether phases thus produced were combined together, and dried with calcium chloride anhydride as the drying agent. 
After filtering away the used drying agent, the ether was distilled away and the brown viscous oil was obtained. Because 
of its being readily soluble in hexane, the oil was again dissolved in hexane, and the resultant solution was washed twice 
with 1 50 mL each of saturated aqueous solution of sodium carbonate and twice with 1 50 mL each of saturated aqueous 

20 solution of sodium chloride, and dried with magnesium sulfate anhydride. By distilling away the hexane, there was 
obtained 19.9g of 2,3<limethylindane-1-one. 

(2) Synthesis of 1 ,2,3-trimethylindene -~ 

25 2,3<fimethylindane-1 -one in an amount of 19.2g (124 mmol) was dissolved in 100 mL of dehydrated ether (distilled 
on metallic sodium) and to the resultant solution was added dropwise 100 mL of a 1 .4M solution of methyl lithium in ether 
under ice-cooling. After one hour from the addition, the solution turned to violet color, was brought back to room tem- 
perature, and was allowed to react for 2 hours under heating ref luxing to complete the reaction. The reaction product 
was quenched under ice-cooling with 20 mL of water and then with 1 00 mL of 1 N aquous solution of ammonium chloride 

30 to separate the organic phase. The separated organic phase was subjected to extraction and separation twice repeatedly 
with 100 mL each of ether and the organic phases thus produced were combined together, washed with saturated 
aqueous solution of sodium chloride and was dried with magnesium sulfate anhydride as the drying agent. After the 
used drying agent was filtered away, the ether solution was subjected to dehydration reaction by incorporating with small 
pieces of iodine in an atmosphere of nitrogen for replacing, allowed to stand overnight in an atmosphere of nitrogen, 

35 and was subjected to heating ref luxing for 3 hours to complete the reaction. The reaction product thus obtained was 
washed twice with 1 50 mL each of 0.2 N aqueous solution of sodium hydrosulf rte and twice with 1 50 mL each of saturated 
aqueous solution of sodium chloride, and dried with magnesium sulfate anhydride as the drying agent. 

Subsequently, by filtering away the used drying agent and distilling away the ether, there was produced brown crude 
1 ,2,3,-trimethylindene, which was dissolved again in 200 mL of hexane and dried with magnesium sulfate anhydride as 

40 the drying agent to afford a brown solution. Then, by filtering away the used drying agent and distilling away the hexane, 
there was produced an brown-colored oil, the solution of which in hexane was adsorbed onto 20g of silica-gel column. 
The adsorbed oil in 80g of silica-gel was eluted with hexane to afford the objective 1 ,2,3,-trimethylindene in the form of 
orange-colored oil in a yield of 4.09g and in a yield rate of 20.8%. 

45 (3) Synthesis of 1 ,2,3-trimethylindenyltrimethyfsilane 

1 ,2,3-Trimethylindene in an amount of 4.09g (26 mmol) was dissolved in 100 mL of dried THF, and to the resultant 
solution was added dropwise, under ice-cooling 1 9 mL of a 1.7M solution of tert-butyllithium in pentane. After 2 hours 
of reaction at room temperature, the reaction product was incorporated under ice-coding with 3.25g (30 mmol, 3.8 mL) 

so of trimethylchlorosilane (TMSCI) that had been subjected to simple distillation, was brought back to room temperature 
and was allowed to stand overnight. The yellow solution thus obtained was incorporated with 20 mL of water for quenching 
and THF was removed under reduced pressure. Then, the solution was extracted and separated with 300 mL of hexane. 
the organic phase thus obtained was dried with magnesium sulfate anhydride as the drying agent, the used drying agent 
was filtered away, and the volatile components were distilled away under reduced pressure. As the result, there was 

55 produced 1 ,2,3-trimethylindenyltrimethylsilane in the form of yellow oil in a yield of 4.27g (1 8.5 mmol) and in a yield rate 
of 72%. 

The product was analyzed by 1 H-NMR by the use of trimethylsilane as the standard and heavy chloroform (CDCI 3 ) 
as the solvent with the results as follow : 'H-NMR; 7.25 to 7.04ppm (4H, m), 2.03ppm(3H, s), 1.93ppm(3H. s). 1.38ppm 
(3H. s). -0.20ppm (9H. s). 
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(4) Synthesis of 1,2,3,-trimethylindenyttitanium trichloride — 



w 



Titanium tetrachloride in an amount of 4.7g (25 mmol, 2.7 mL) was dissolved in 80 mL of dehydrated toluene, and 
to the resultant solution was added dropwise. at room temperature, a solution of 4.27g of 1 ,2.3. trimethylindenyltrimeth- 
ylsilane in 40 mL of toluene over a period of 3 hours. After one hour of heating ref luxing of the mixed solution thus 
obtained, there was produced a toluene-soluble portion at 80°C. which then was extracted twice with 100 mL each of 
toluene. By filtering off the toluene-insoluble portion with a filter, there was obtained a green toluene solution, and the 
volatile components of which were distilled away at 40°C under reduced pressure to afford dark green solid. Thereafter, 
the solid was incorporated with 20 mL of toluene and then with 200 mL of hexane, and the insoluble portion was collected 
by filtration as the objective product. Further, a slight amount of decomposed product was removed with boiling hexane. 
The final product was obtained in a yield of 4.7g (14.5 mmol) and in a yield rate of 58%, and was analyzed by NMR with 
the results as follows : iH-NMR (Tetramethylsilane as the standard and CDCl 3 as the solvent); 7.49 to 7.75 ppm (4H. 
dq). 2.72ppm (6H, s), 2.53ppm (3H, s). iH-NMR (tetramethylsilane as the standard and heavy benzene as the solvent); 
7.27 to 6.89ppm (4H, dq). 2.23ppm (6H, s). 1.96ppm (3H. s). 

The schematic synthesis process for compound E is illustrated as follows. 
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In addition, the foregoing (3) 1.2,3-trimethylindenyltrimethylsilane can be synthesized through the process illus- 
trated by the following schematic synthesis process. 
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Synthesis Example 6 

Synthesis of 1 ,2,3-trimethylindenyltrimethyltitanium (Compound F) — 

35 

1 ,2 .3-trimethylindenyl titanium trichloride in an amount of 0.81 g (2.5 mmol) which had been synthesized in Synthesis 
Example 5 was dissolved in 50 mL of dehydrated THF in an atmosphere of nitrogen. The resultant solution was incor- 
porated under ice-cooling, with 9.0 mL of 1 .0 M solution of methylmagnesium bromide in THF, and after the elapse of 
15 minutes was gradually brought back to room temperature, with the result that the solution turned to yellowish brown 
40 gradually. After the elapse of 30 minutes, the volatile components in the solution were distilled away under reduced 
pressure to leave only the bone-dried matter, which was extracted with a total quantity of 250 mL of dried hexane. The 
hexane-insoluble portion was filtered off, and the volatile components in the filtrate solution were distilled away to afford 
a reddish yellow oil in a yield of 0.59g (2.3 mmol) and in a yield rate of 90%. The oil was allowed to stand overnight in 
a refrigerator with the result that the oil turned to a yellow solid. 

45 

Example 1 

In a 30 mL glass ampule which had been dried and purged with nitrogen were placed 10 mL of styrene, 62.5 \iL of 
2 moI/L solution of triisobutylaluminum in toluene and 125 nL of 1 mol/L solution of aluminoxane in toluene, followed by 

so sealing the ampule with a teflon cap, then the ampule was immersed in an oil bath at 70°C and allowed to stand for 15 
minutes. Then, to the resultant mixture was added 1 25 nL of 10 mmol/L of the Compound A which had been synthesized 
in Synthesis Examnple 1 in toluene to proceed with polymerization at 70°C for 4 hours. After the completion of the 
reaction, the content in the ampule was washed with methanol and dried to recover 0.75g of polymer. The polymer was 
subjected to Soxhlet extraction for 5 hours by the use of boiling methyl ethyl ketone to produce 0.38g of syndiotactic 

55 polystyrene from the insoluble portion. The objective syndiotactic polystyrene having an intrinsic viscosity [r\] of 0.53 
dL/g as measured in trichlorobenzene at 135°C was obtained in a catalytic activity of 13000 g/g • Ti. 
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Example 2 

The procedure in Example 1 was repeated to carry out the polymerization except that there was employed the 
compound C which had been synthesized in Synthesis Example 3 in place of the compound A. The resultant polymer 
5 in an amount of 2.30g was subjected to Soxhlet extraction for 5 hours by the use of methyl ethyl ketone to produce 1 .33g 
of syndiotactic polystyrene from the insoluble portion. The objective syndiotactic polystyrene having an intrinsic viscosity 
[nj of 0.37 dL/g as measured in trichlorobenzene at 135°C was obtained in a catalytic acitivity of 39,000 g/g - Ti. 

Example 3 

10 

There was prepared in advance, a catalyst solution by mixing 10 mL of 0.05 mol/L solution of triisobutylaluminum 
in toluene, 5 mL of 10 mmol/L solution of the compound B which had been synthesized in the Synthesis Example 2 in 
toluene. 5 mL of 10 mmol/L slurry solution of N,N-dimethylaniliumtetrakis(pentafluorophenyl)borate in toluene and 5 mL 
of toluene in an atomsphere of nitrogen. Subsequently in a 30 mL galss ampule which had been dried and purged with 

is nitrogen were placed 10 mL of styrene and 5 \iL of triisobutylaluminum, folrwed by sealing the ampule with a teflon cap. 
Then the content in the ampule was heated to 60°C and incorporated with 1 .25 mL of the above-prepared catalyst 
solution to proceed with polymerization at 60°C for 4 hours. After the completion of the reaction, the content in the ampule 
was washed with methanol and dried to recover 0.60g of polymer. The polymer was subjected to Soxhlet extraction of 
r5 hours by the use of boiling methyl ethyl ketone to produce 0.37g of syndiotactic polystyrene from the insoluble portion. 

20 The objective syndiotactic polystyrene having an intrinsic viscosity of 0.62 dL/g as measured in trichlorobenzene at 
1 35°C was obtained in a catalytic activity of 5,000 g/g Ti. 

Example 4 

25 The procedure in Example 3 was repeated to carry out the polymerization except that there was employed the 
compound D which had been synthesized in Synthesis Example 4 in place of the compound B. The resultant polymer 
in an amount of 4.75g was subjected to Soxhlet extraction for 5 hours by the use of boiling methyl ethyl ketone to produce 
3.94g of syndiotactic polystyrene from the insoluble portion. The objective syndiotactic polystyrene having an intrinsic 
viscosity fa] of 0.45 dL/g as measured in trichlorobenzene at 135°C was obtained in a catalytic activity of 40.000 g/g ■ Ti. 

30 

Example 5 

The procedure in Example 3 was repeated to carry out the polymerization except that the polymerization temperature 
was set to 80°C. The resultant polymer in an amount of 0.95g was subjected to Soxhlet extraction for 5 hours by the use 
35 of boiling methyl ethyl ketone to produce 0.43g of syndiotactic polystyrene from the insoluble portion. The objective 
syndiotactic polystyrene having an intrinsic viscosity [nj of 0.48 dL/g as measured in trichlorobenzene at 135°C was 
obtained in a catalytic activity of 8.000 g/g ■ Ti. 

Ex a m p le 6 

40 

The procedure in Example 4 was repeated to carry out the polymerization except that the polymerization temperature 
was set to 70 °C and 375 p.L of the mixed catalyst solution was employed. The resultant polymer in an amount of 1 .16g 
was subjected to Soxhlet extraction for 5 hours by the use of boiling methyl ethyl ketone to produce 0.78g of syndiotactic 
polystyrene from the insoluble portion. The objective syndiotactic polystyrene having an intrinsic viscosity [n] of 0.40 
45 dL/g as measured in trichlorobenzene at 135°C was obtained in a catalytic activity of 32,500 g/g ■ Ti. 

Example 7 

There was prepared in advance a catalyst solution by mixing 10 mL of 0. 1 mol/L solution of triisobutylaluminum in 
so toluene, 5 mL of 10 mmol/L solution of the compound F which had been synthesized in the Synthesis Example 6 in 
toluene, 5 mLof 10 mmol/L slurry solution of N,N-dimethy1aniliumtetrakis(pentafluorophenyl)borate in toluene and 5 mL 
of toluene in an atmosphere of nitrogen. Subsequently in a 30 mL glass ampule which had been dried and purged with 
nitrogen was placed 10 mL of styrene, followed by sealing the ampule with a teflon cap. The content in the ampule was 
heated to 70°C and incorporated with 250 p.L of the above-prepared mixed catalyst solution to proceed with polymeri- 
55 zation at 70"C for 4 hours. After the completion of the reaction, the content in the ampule was washed with methanol 
and dried to recover 3.37g of polymer. The polymer was subjected to Soxhlet extraction for 5 hours by the use of boiling 
methyl ethyl ketone to produce 3.30g of syndiotactic polystyrene from the insoluble portion. The objective syndiotactic 
polystyrene had a weight-average molecular weight of 1,100,000 and a molecular-weight distribution of 2.1 and was 
obtained in a catalytic activity of 139.000 g/g Ti. 
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INDUSTRIAL APPLICABILITY 

The catalyst for producing a styrenic polymer according to the present invention, which comprises a transition metal 
compound having as a rc-ligand, an indenyl group bearing at least one substituent group on the side of its f ive-membered 
ring, is imparted with a high activity. By the use of the foregoing catalyst, it is made possible to efficiently produce a 
styrenic polymer having a high degree of syndiotactic configuration in its aromatic vinyl chain. 

Claims 

1 . A catalyst for producing a styrenic polymer which comprises a transition metal compound having as a n-ligand, an 
indenyl group bearing at least one substituent group on the side of its f ive-membered ring. 

2. A catalyst for producing a styrenic polymer which comprises an (A) transition metal compound having as a rc-ligand. 
an indenyl group bearing at least one substituent group on the side of its f ive-membered ring and (B) at least one 
compound selected from the group consisting of an (£> aluminoxane and an © ionic compound comprising a 
noncoordinate anion and a cation. 

3. A catalyst for producing a styrenic polymer which comprises an (A) transition metal compound having as a rc-ligand, 
an indenyl group bearing at least one substituent group on the side of its f ive-membered ring, (B) at least one 
compound selected from the group consisting of (T) an aluminoxane and © an ionic compound comprising a 
noncoordinate anion and a cation, and (C) a Lewis acid. 

4. The catalyst for producing a styrenic polymer according to Claim 1,2 or 3 wherein the transition metal in said transition 
metal compound is at least one metal selected from the group consisting of titanium, zirconium, hafnium, lanthanoids. 
niobium and tantalum. 

5. The catalyst for producing a styrenic polymer according to Claim 1,2 or 3 wherein the substituent group of the indenyl 
group bearing at least one substituent group on the side of its f ive-membered ring is an alky I group having 1 to 20 
carbon atoms. 

6. The catalyst for producing a styrenic polymer according to Claim 2 or 3 wherein said aluminoxane is a chain alumi- 
noxane or a cyclic aluminoxane. 

7. A process for producing a styrenic polymer which comprises polymerizing an (a) styrenic monomer in the presence 
of the catalyst as set forth in any one of Claims 1 to 6. 

8. A process for producing a styrenic polymer which comprises polymerizing an (a) styrenic monomer along with (b) 
at least one compound selected from olefins, diolef ins and alkynes in the presence of the catalyst as set forth in 
any one of Claims 1 to 6. 
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